ABSTRACT -The objectives of this study were to estimate the curve of dehydration, bromatological composition and occurrence of fungi in Tifton 85 grass, submitted to four methods of dehydration. The curves of dehydration were studied in a completely randomized design with a 4 × 11 factorial scheme with four drying systems (1 conditioning + 1 turn-over; 2 conditionings + 1 turn-over; no conditioning + 1 turn-over and no conditioning + 2 turn-overs) and 11 sampling times (0, 3, 15, 18, 21, 24, 39, 42, 45 and 47 hours after the cutting), with six replicates. For the bromatological composition and fungi occurrence, the experimental design was completely randomized in a 4 × 3 factorial scheme with the four drying methods of Tifton 85 grass and three periods of evaluation (before the cutting, at the time of the baling and 30 days after storage) with six replicates. It was found that after the first hour after cutting and at the end of the period of dehydration, Tifton 85 plants that were treated with conditioners showed higher levels of dry matter. Stored hay that was treated with conditioners presented higher levels of acid detergent insoluble protein. Until baling, the drying methods did not alter the crude protein content of hay; however, after storage, the hay submitted only to turn-over showed crude protein content higher (13.90%) than those submitted to conditioners (9.94%). There was an increase in the occurrence of fungi after storage, but the application of conditioners and one turn-over resulted in lower CUF/g, compared with other treatments, enhancing the effect of conditioners on accelerating the dehydration rate and obtaining better hay storage conditions.
Introduction
Conserved forages such as hay and silage can have their food value changed greatly because of the procedures adopted for their production and preservation, as well as chemical and microbiological phenomena that occur in the process (Jobim et al., 2007) . For Reis et al. (2001) , in addition to age and species of forage plants, the main factors that influence the obtention of a high quality hay is cutting management, which aims at rapid dehydration, and expertise to overcome the obstacles presented by environmental factors. These factors directly interfere with the chemical and sanitary quality of hay, as well as losses in production (Domingues, 2009) . Muck & Shinners (2001) indicate the need for research to understand the processes that affect the quality of hay during production and storage and develop practical ways to reduce losses and improve quality. According to Rotz (1995) , the majority of losses occurrs in the first 30 days of storage. The fungi population undergoes accented changes with decrease of those genera typical of the field, such as Fusarium and Cladosporium and increase of Aspergillus and Penicillium during storage (Hlodversson & Kaspersson, 1986) .
Mower conditioners are widely used for plant dehydration and hay production, and their acquisition by producers has been growing every year, in order to reduce the risk of losses from rainfall through the acceleration of the dehydration process. The conditioners have emerged in the 40's with the aim of aiding at plant dehydration by crushing the stems. There are conditioners on the market today with free swinging flail fingers and rollers. This acceleration causes a beneficial effect in the final stage of dehydration, when the removal of moisture is slower because it happens through the cuticle (Moser, 1995) . However, the mechanical injuries on the plant can cause changes in bromatological composition and digestibility of forage, making it necessary to evaluate its effects on the final composition of the hay produced.
In this sense, this experiment aimed to assess the rates of dehydration, bromatological composition and occurrence of fungi in Tifton 85 hay produced under different methods of dehydration.
Material and Methods
The experiment was conducted under field conditions at the Fazenda Experimental Antônio Carlos dos Santos Pessoa, in the Universidade Estadual do Oeste do Paraná, campus of Marechal Cândido Rondon, having as coordinates latitude 24º 33 ' 40'' S, longitude 54º 04' 12 '' W and altitude of 420 m. The local climate, classified according to Koppen Cfa, is subtropical with rainfall well distributed during the year and hot summers. The average temperatures of the coldest quarter vary from 17 to 18°C, while the warmest ones vary from 28 to 29 °C and annual average temperature varies from 22 to 23°C. The total average annual rainfall for the region ranges from 1,600 to 1,800 mm, with the wettest quarter showing totals ranging from 400 to 500 mm (IAPAR, 2006) . During growth and drying of plants, climatic conditions were favorable ( Figure 1 ; Table 1 ).
The experimental area is classified as Oxisol and has the following chemical characteristics: pH in water-5,70; P (Mehlich) -10.78 mg/dm 3 ; K (Mehlich) -0, 13 cmol c /dm 3 ; Ca 2+ (KCl mol/L1 1) -5.21 cmol c /dm 3 ; Mg 2+ (KCl 1 mol/L) -0.91 cmol c /dm 3 ; Al 3+ (KCl 1 mol/L) -0.00 cmol c /dm 3 ; H + Al (calcium acetate 0.5 mol/L) -4.14 cmol c /dm 3 ; SB -6.15 cmol c /dm 3 ; CTC -10.29 cmol c /dm 3 ; V -59.77%; organic matter (Boyocus Method) -30.07 g/dm 3 and clay -65%.
The experiment was installed in a field of hay production in 2004 implanted with Cynodon sp. cv. Tifton 85, and has an area of 1.3 hectares, managed exclusively for hay production. At the moment of cutting, Tifton 85 showed regrowth age of 42 days and plants had an average height of 35 cm.
The cut of the experimental area was performed at 2 p.m. on 3/29/2010, with the help of a rotary mower and at 10 cm from the soil. Conditioning was done two hours after cutting with the aid of tractor conditioner with free swinging flail fingers, while the turning over was performed at 5 p.m. and 11 p.m., after cutting, with the aid of a tractor rake.
For determination of the drying curves, a completely randomized design in a 4 × 10 factorial scheme, composed of four methods for the dehydration of hay: 1 passage of conditioner + 1 turn-over (1 cond. + 1 turn-over); 2 passages of conditioner + 1 turn-over (2 cond. + 1 turn-over); no conditioner + 1 turn-over (1 turn-over) and no conditioner + 2 turn-overs (2 turn-overs) and 10 sampling times (0, 3, 15, 18, 21, 24, 39 , 42, 45 The production of dry matter (DM) and leaf:stem relation were studied according to a randomized design with four treatments and six replications. For the bromatological composition and occurrence of fungi, the experimental design was completely randomized in a 4 × 3 factorial scheme with four methods for the dehydration of hay and three sampling periods (before the cut, at the time of baling and 30 days after storage) with six replicates.
The sampling for the determination of MS production was performed before the mower passing with a square of 1 m² randomly placed in each plot. Samples were separated into two sub samplings, from which the first one was destined to the evaluation of the bromatological composition and the second one was separated into leaves (leaf lamina) analysis through the SAEG software (1997), and averages were compared by using the Tukey test at 5% of probability.
Results and Discussion
There was no statistical difference between treatments for DM yield and leaf:stem relation (p<0.05) ( Table 2) . These results confirm the uniformity of the field of Tifton 85 and validate the design used for the experiment (completely randomized). The average production of MS in Tifton 85 was 4,370.63 kg/ha. Alvim et al. (1999) concluded that Tifton 85 grass can be used in cut intervals of four to six weeks, from October to March in Coronel Pacheco -MG, because besides the high DM yield, CP concentration remains high. Rocha et al. (2000) obtained average yields of 2,630 kg/ha when studying three cuts of Tifton 85 with application of 100 kg/ha of nitrogen. As for the components of forage produced, the leaf/stem ratio was 0.95, with an average participation of leaves at 48.60%, and stems at 50.40%. Moreira & Reis (2007) The plant dehydration in the field for prolonged periods can lead to loss of nonstructural carbohydrates due to excessive breathing and loss of leaves. According to Collins (1995) , hay with drying periods exceeding seven days is not approppiate for animal consumption. After the cut (Figure 2 ), the plants started to dehydrate and the results fit the polynomial regression model of degree 4. After three hours of dehydration, there were differences between the drying methods, with a faster rate of dehydration in the plots where Tifton 85 received the treatment with conditioner. However, in the beginning of each morning, the DM levels among the drying methods were very close, with an increase of moisture, which is due to the accumulated dew at night. According to Rotz (1995) rehydration of the plants with dew occurs when it is absorbed by the internal tissues, and the rate of distribution within the plants is related to cuticle and stems (culms + sheaths). All samples were separated and packed in paper bags, weighed and placed in an oven with ventilation force and maintained at a temperature of 55 °C for 72 hours for drying. The leaf:stem relation was calculated using the ratio of dry weight of leaves and dry weight of stems.
For the determination of the drying curves, samples of 300 g from each plot were collected (according to the established times), selected and dried separately using the same methodology applied to other samples. After 47 hours of dehydration at the time of baling, new sampling was performed to determine the bromatological composition. After sampling the material was baled mechanically, in rectangular bundles with an average weight of 12 kg, stored in identical conditions of temperature, light and humidity in the shed, protected from rain and insolation. Storage time consisted of a period of 30 days, then the bundles were opened and a new sampling was conducted to determine the bromatological composition and occurrence of fungi. After drying, samples for evaluation of bromatological composition were ground in a Willey mill, with 30-mesh sieve, and stored in plastic bags, properly identified, to assess the levels of crude protein (CP) according to AOAC (1990) , neutral detergent fiber (NDF), acid detergent fiber (ADF) according to Van Soest et al. (1991) , neutral detergent insoluble protein (NDIP -expressed as% of CP), acid detergent insoluble protein (ADIPexpressed as % of CP), lignin, hemicellulose and cellulose (Silva & Queiroz, 2006) .
Fungi were isolated by inducing growth of mycelium on PDA culture medium (200 g potato, 20 g dextrose, 15 g agar and 1,000 mL of distilled water), by induced sporulation or direct isolation of signals (reproductive structures) of the pathogen from the samples collected (Fernandez, 1993; Mehta & Silva-Hanlin, 1997) . From the observation using a stereoscopic microscope (magnifying glass), semi-permanent slides of all fungal structures found in both symptomatic and in middle of the cultivation were prepared. These structures were transferred, using a needle or dagger for the microscope slides with lactophenol cotton blue stain, covered with glass coverslips, sealed with varnish and observed on an optical microscope for fungi identification, with the help of specific identification keys (Barnett & Hunter , 1987 , Carmichael et al. 1980 Samson et al. 1995; Guarro et al., 1999) .
The data reffering to the MS content of Tifton 85 over the dehydration times were subjected to regression analysis to obtain the curves of dehydration. Data from bromatological composition were submitted to statistical of the 2 nd day of dehydration), bigger decrease in DM was observed in the materials that underwent conditioning and two turn-overs compared with the material that underwent only one turn-over (Table 3) . Likewise, time 24 (17 p.m. of the 2 nd day of dehydration) for time 39 (8 a.m. of the 3 rd day of dehydration), the conditioned material decreased more sharply in the DM content compared with the materials submitted only to turn-overs (Table 3) . After the drying of the dew, at the second collection of the 2 nd day of dehydration (18 hours after the cutting), the hay derived from the conditioned forages once more showed higher DM contents; however at the end of the drying period (45 and 47 h after cut) the DM contents became closer (Table 3) . At the time of baling (47 h after cutting), only the material submitted to two conditionings showed DM contents above 80%, recommended for the hay storage (Pupo, 1995) . The differences in the DM contents at the moment of baling can lead to differences in the quality of the hay stored, causing increases in the respiration rate and favoring the occurrence of fungi and loss of nutritional quality of the hay stored with lower levels of DM. Even in the stored hay there are losses, mainly due to fermentation and the action of humidity. The losses occur because the starch and sugars of the forage are transformed into water and carbon dioxide gas through fermentation processes. However, these losses can be reduced if the hay is stored with appropriate content of DM and protected from humidity and rain, because those care impede or attenuate the fermentation and the temperature rise.
The use of conditioners as accelerator of the dehydration rate should be evaluated not only for accelerating the rate of dehydration, but also for the nutritional quality of the hay produced, since the injuries caused by the implementation in plants may affect their bromatological composition. However, it is known that the most severe effects occur with the use of conditioners on the plants under conditions of high humidity or rainfall during the period of dehydration, which was not observed in the experiment.
At the moment of the cutting, Tifton 85 grass had similar values of NDF on different methods of drying, with an average of 86.00% (Table 4) . These values are high and may affect the intake and digestibility by animals, but results from other research studies show that the species of Cynodon presents high concentration of NDF even when harvested in the vegetative stage (Oliveira et al., 2000; Ribeiro et al ., 2001; Reis et al., 2003) . The fiber content is used as a negative index of diet quality, as it represents the least digestible fraction of the food. However, fiber is required for normal metabolism and functioning of the rumen, so the fiber quality is an important factor in the diet of ruminants, particularly in lactating dairy cows (Matos, 1989) .
After storage, NDF values were on average 80.62% with a higher content in the hay with passages of conditioner (p<0.05). Scheffer-Basso et al. (2008) obtained NDF values of 73.6% for Tifton 85 fertilized with pig slurry.
The ADF values did not differ between treatments (p>0.05) or between cuts, with an average of 41.25% (Table 4) Means followed by different letters in the column differ by Tukey test at 5% of probability.
Drying methods
Dehydration times (h) Table 3 -Dry matter content of Tifton 85 under four drying methods for hay production at the different period of dehydration The hemicellulose levels did not differ between the drying methods at all times evaluated, but in general, a tendency of decrease with storage was observed ( Table 4) . The hemicellulose is a heterogeneous collection of amorphous polysaccharides with much lower degree of polymerization cellulose (Van Soest, 1994) and its digestibility varies depending on the quantities of monomers (xylose, arabinose and galacturonic acid) that form the molecule (Ladeira et al., 2002) .
The values of cellulose (Table 4) were on average 56.63%, and according to Van Soest (1994) , the cellulose is a major constituent of the cell wall and its contents can vary from 20 to 40%.
The values obtained were high, due to the age of forage regrowth (42 days), time of the year and the higher proportion of stems in relation to leaf shown at the time of cutting. The hemicellulose contents did not differ between the drying methods in the three periods evaluated, but when the comparison was made between periods, the values were lower after the storage in the material that only underwent turn-overs with rake.
Lignin is a constituent of the cell wall that has a negative influence on the degradation of tissues (Engels & Jung, 2002; Lacerda et al., 2006) . The values of lignin showed an average of 12.52%, with reduction after storage. Reis et al. (2003) obtained 8.2% lignin for Coast-cross grass.
At the time of cutting and baling, CP levels showed no significant differences (p>0.05) between drying methods (Table 4) . However, after storage, the materials submitted only to turn-overs showed CP contents higher than the ones submitted to conditioning. Regarding the evaluation periods for the drying method with a conditioning, reduction in CP content after storage was observed, whereas an opposite behavior was observed in the hay produced with two turn-overs with rake (Table 4 ). The double turn-over tools with rake did not increase the rate of dehydration or compromised forage quality in comparison with a single turn-over, thus the recommendation of a single turn-over, when weather conditions are favorable for drying. It is important to emphasize that turning over must be done in the early hours of drying, resulting in acceleration in the rate of dehydration, which is not recommended in the final Values followed by the same capital letters on the row and lowercase on the columns do not differ by Tukey test at 5%. NDF = neutral detergent fiber, ADF = acid detergent fiber, CP = crude protein, NDIP = neutral detergent insoluble protein, ADIP = acid detergent insoluble protein, Values expressed as % of crude protein. Table 4 -Bromatological composition of Tifton 85 hay under different methods of dehydration, before the cut, at the time of baling and 30 days after storage stages of drying, when the plasma membrane has already lost its permeability and the water is more strongly retained. The evaluation of the potential availability of nitrogen compounds of foods has received special attention in tropical conditions due to the high association with the organic matrix of the cell wall, an association that compromises the accessibility of these compounds by rumen microorganisms (Henriques et al. 2007) .
ADIP was influenced by the drying methods and the evaluation periods (p<0.05), so that only after the storage differences were observed between the methods of drying, with worst results achieve by the method that used a single turn-over. For NDIP, there was effect of drying methods and evaluation periods (p<0.05). The time of baling and after storage, higher values of PIDN were observed in the hay produced with one conditioning and one turn-over in comparison with the one that underwent only one turn-over (Table 4) . For all drying methods there was a reduction in the values of NDIP with storage (Table 4 ). These results suggest that the use of conditioners for the production of Tifton 85 hay can increase the amount of unavailable protein, impairing the nutritional value of conserved forages under this method. However, the results are still insufficient to ensure such statement, more detailed studies are needed to quantify and characterize these variables. Aguiar et al. (2006) , studying tropical grass hay found values of NDIP ranging from 45.45 to 54.66%, while Gobbi et al. (2005) , in the evaluation of Brachiaria decumbens Stapf hay, found the value of 48.8% of total nitrogen linked to cell wall, and 24.8% of the nitrogen linked to the ADF.
The importance of knowing the change in the content of ADIP is because nitrogen presented in this form remains unavailable for the animal (AFRC, 1995) and is indicative of the fraction of nitrogen compounds not degradable in the rumen. However, recent studies conducted in tropical conditions showed complete absence of relationship between the fraction of non-degradable nitrogenous compounds in the rumen and ADIP, and the possibility of part of this latter being digestible in the intestine (Detmann et al., 2004) . ADIP values at the time of cutting and baling did not differ between treatments (P>0.05). The differences were observed after storage with their rise through the use of conditioners (Table 4 ). According to Reis et al. (1995) , nitrogen retention can vary depending on the moisture content of stored forage. Avila et al. (2009) reported about the immobilization of nitrogen by mycelial fungi growing in silages of Mombaça grass, and according to Guim et al. (2002) , this immobilization of nitrogen would be held by the hyphas of filamentous fungi.
The studies on quantification and assessment of genera and species of fungi in hay have been carried out in ammoniated hay or straw with urea or ammonia (Reis et al., 1991 , Reis et al., 1997 , Almeida et al., 2006 . For the total population of fungus, there was a significant interaction of factors (p<0.05). At the unfolding of the evaluation times collected for each drying method, we observed a higher population of fungi in the hay after storage, whereas, when comparing the methods of drying, there was significant difference between them only after storage, with the occurrence of lower fungi population in the hay submitted to two conditionings (Table 5 ). This result is due to higher DM of the hay resulting from this drying method, which, by causing injury to stems, favored the acceleration of dehydration rate in the final stage of dehydration, when the moisture removal is slower, because it happens through the cuticle (Moser, 1995) . The use of this technique provided the hay with a higher content of DM in the baling, limiting the development of fungus; however, this hay showed, after storage, lower levels of CP. Nascimento et al. (2000) , when studying the development of fungi on alfalfa hay under different methods of dehydration, saw significant occurrence of fungi in the material that underwent slower dehydration and lower incidence of solar radiation. Also, according to Gregory (1963) , during the drying on field there is the occurrence of a highly diverse population of microorganisms, some living in the air, plants and soil; and this diversity of present propagules suggests that different types of micro flora can develop later on, according to the conditions that will prevail in bales at any time.
Values followed by the same capital letters on the row and lowercase letters on the column do not differ by Tukey test at 5%. Table 5 -Means transformed in log x of fungi (CFU/g x10²) in Tifton 85 hay subjected to different methods of dehydration before the cutting, at the time of baling and 30 days after storage
The population of Cladosporium found in hay varied as for storage times, with lower population after storage (Figure 3) . The results are consistent with Nascimento et al. (2000) because, according to the author, this represents a genus of saprophytic fungi, which tends to disappear over the course of the storage period.
Conclusions
Tifton 85 dehydrated with the use of conditioners presents higher drying rate and lower incidence of fungi after 30 days of storage, in spite of the lower crude protein.
Further detailed research is necessary in order to quantify and qualify the effects of the use of conditioners on the time for the forage baling and on the nutritional composition of the hay produced.
The genera of fungi observed were Aspergillus, Penicillium, Fusarium, Bipolaris, Cladosporium and Rhizopus (Figure 3) . At cutting and baling, fungi of the genera Fusarium, Cladosporium and Bipolaris prevailed; and after storage, besides the increase in the total number of colonies, there was an increase in the number of colonies of Aspergillus and reduction in the number of colonies of fungi found in the early stages (cutting and baling). Reis et al. (1997) observed in Cynodon dactylon hay increase in the fungi gender Aspergillus with increased moisture in the hay. Storage fungi such as Aspergillus can serve as a biological indicator of storage conditions, and its quantification in conserved forages is fundamental, once it represents a potent producer of mycotoxins (Moser, 1995) , occurring more often in hot and humid environments. 
